Background: Recent studies have demonstrated that a significant proportion of adolescents exhibit abdominal obesity in early-middle adolescence, and impaired glucose metabolism. Dysregulation of glucose metabolism is aggravated by the existing osteosarcopenia not only in obese but also in overweight youth. Biochemical inflammation, derived from glucose metabolism dysregulation, in combination with increased stress levels lead to the accumulation of reactive oxygen species, also known as ROS, which seem to afflict the integrity of the gastrointestinal wall, gut mucosa, and commensal, intestinal gut microflora. The current scientific protocol aims to assess the administration of probiotics in prediabetic adolescents in relation with their glycemic control, body composition, and intestinal microbiome. Methods/Design: This is a study protocol of a two-armed RCT, that recruits adolescents with prediabetes, who will receive either a 4-month, life-style intervention, or a life-style intervention along with a probiotic supplement. The primary outcome is the differences in gut microbiome synthesis, body composition analysis parameters, and concentrations of hormones, before and after the intervention. Discussion: This study aims to halt the progression of obesity and diabetes and aspires to contribute new evidence for upgraded treatment of obesity and diabetes.
Introduction
Hormonal changes occurring during adolescence have various effects on glucose metabolism and body composition changes [1] . Sex steroids, also, lead to the development of secondary sexual characteristics and growth acceleration of puberty.
During this phase, a well-described physiological decrease in insulin sensitivity occurs, which resolves after completion of puberty, independently of changes in body mass index (BMI) [2] . The presence of hyperglycemia i.e. elevated pre-, or postprandial serum glucose concentrations, is due to impaired glucose metabolism, and it usually heralds the onset of Diabetes Mellitus (DM) [3, 4] . Hyperglycemia that does not fulfil the diagnostic criteria for DM is called prediabetes (preDM). It results from a combination of defects in insulin secretion, insulin action, or both [5] . microflora [29] [30] [31] [32] .
Commensal bacteria seem to confer metabolic, protective, and trophic functions to the host through fermentation of non-digestible carbohydrates, vitamin production, bile acids biotransformation, barrier protection against opportunistic pathogens, control against gut epithelial cell proliferation and maturation and stimulation of both local and systemic immunity. Once the balance between the intestinal microbiota antigen production and immune cell activation is lost, combined with increased gut permeability, innate and adaptive immune responses are deregulated towards a chronic pro-inflammatory response either locally (gut) or systemically (subclinical, inflammatory responses in obesity, and T2DM) [33] . The imbalance in the gut intestinal flora is called dysbiosis.
Dysbiosis is characterized by either reduced diversity, decreased abundance of butyrate-producing bacteria and an increase in opportunistic pathogens, increased relative abundance of urease-and uricaseharboring, indole-and p-cresol-forming bacteria, reduced short-chain fatty acid producing bacteria, enrichment of mucin-degrading, or low efficient butyrate producing bacteria. Dysbiosis is also present in prediabetic patients. Recent studies and current medical literature reviews have demonstrated that gut dysbiosis might be a triggering point for the preDM and DM onset and it consists a continuous stimulus, serving as a constant inflammatory source in the low-grade inflammation process, which characterizes the metabolic diseases [34] [35] [36] [37] [38] [39] [40] [41] . 
Objectives
The current scientific protocol aims to assess the administration of probiotics in prediabetic adolescents in relation with their glycemic control, body composition, and intestinal microbiome. Secondary objectives of this trial are to evaluate the efficacy of the oral administration of probiotics to normalize glycemic control and body composition, along with other hormonal parameters, in adolescents with prediabetes.
Methods
This randomized, controlled trial takes place at the Center for Adolescent Medicine and UNESCO Chair on Adolescent Health Care, First Department of Pediatrics, National and Kapodistrian University of Athens, Athens, Greece. The study protocol was approved by the Institutional Review Board of Research and Ethics of the "Aghia Sophia" Children's Hospital (Number of scientific protocols repository: 28931/11.02.2015). It is in accordance with the Helsinki Declaration for Human Studies. The parents and legal guardians of all participants provide informed written consent prior to study participation. The trial is registered at the Australian New Zealand Clinical Trial Registry (ACTRN12615000470594).
Study design
This study is a two-arm randomized, controlled trial that randomizes in a 1:1 allocation scheme, adolescents aged 12-20 years with prediabetes (according to ADA criteria) to: 1) administration of probiotics, and weekly counseling to promote a healthier lifestyle (Group A); and 2) weekly counseling to promote a healthier lifestyle, alone (Group B). Both interventions are 4 months long and involve two individuals and 8 individual sessions. Participants randomized to Group B will not receive probiotics. Study outcomes will be assessed at baseline, and every month for 4 months.
Setting and recruitment
Participants are recruited from a senior adolescent medicine specialist at the Center for Adolescent Medicine and UNESCO Chair on Adolescent Health Care, First Department of Pediatrics, National and Kapodistrian University of Athens, Athens, Greece (Fig. 1). 
Participants
Adolescents are screened for eligibility over a routine visit at the Center for Adolescent Medicine and UNESCO Chair on Adolescent Health Care, First Department of Pediatrics, National and Kapodistrian University of Athens, Athens, Greece.
Inclusion criteria: Adolescent males, and females, aged 12-20 years, with willingness to participate in the study and diagnosed with prediabetes, as defined by American Diabetes Association (ADA): 1Hb1AC ranging from 5.7% to 6.4%, and/or 2Fasting serum glucose concentrations ranging from 100 mg/dl to 125 mg/dl, and/or 32 h serum glucose on Oral Glucose Tolerance Test: ranging from 140 mg/dl to 199 mg/dl.
Participants must also understand, read, and write in Greek and plan to reside in the Attiki area for the 4-month duration of the intervention of the study.
Exclusion criteria: 
Weekly counseling of a healthier way of life
Weekly counseling to promote a healthier way of life, to restore gut ecology, and glycemic homeostasis, is provided to each adolescent, along with the administration of probiotics.
An accredited dietician counsels the participants to adopt a healthier way of life, once a week. The role of the traditional, Mediterranean diet is emphasized first. Advise is given for high intake of extra virgin (cold pressed) olive oil, vegetables including leafy green vegetables, fruits, cereals, nuts and pulses/legumes, moderate intake of fish and meat, dairy products and red wine, and low intake of eggs and sweets. More specifically, the advice on Mediterranean diet is based on the 1999 Greek Dietary guidelines: olive oil will be the main added lipid/day; vegetables: 6 servings/day; fruits: 3 servings/day; breads and cereals: 8 servings/day, maximum intake; legumes, and nuts: 3-4 servings weekly; fish/seafood: 5-6 servings weekly; eggs: 3 servings weekly; poultry: 4 servings weekly; dairy foods: 2 servings/day; red meat: 8 servings/monthly; no sweets; no wine and no refreshments.
Practice of daily exercise is another pillar of this intervention. Study participants are counselled to perform for a minimum of 30 min, moderate to vigorous physical activity on each school day. Moderate to vigorous exercise is defined as the exercise causing "some increase in breathing and heart rate usually associated (in a healthy person) with brisk walking, dancing, swimming, or cycling on flat terrain." In exercise physiology terms, the energy expended is at least 3 metabolic equivalents (METS) [42] [43] [44] [45] .
Oral glucose tolerance test
At enrollment, each adolescent will undergoes screening with a standard OGTT, ingesting glucose (APL) dissolved in water in a dosage of 1.75 g glucose/kg body weight (maximum 75 g) [46] , after a 12-h overnight fast. Blood samples are collected at baseline (0 min) and at 30, 60, 90, and 120 min post glucose intake. Blood samples for determination of glucose are collected in vacutainer tubes. Blood samples for determination of insulin are collected in EDTA-containing vacutainer tubes. Tubes are immediately placed on ice and centrifuged at 4 C for 10 min. Plasma is stored in a biobank at −80 C
• until analysis.
Data collection and outcome measures
There is one study site involved in the trial: The Center for Adolescent Medicine and UNESCO Chair on Adolescent Health Care of the First Department of Pediatrics, of Medical School of the National and Kapodistrian University of Athens in Greece. Recruitment occurs at the study site which is an "adolescent friendly" health service where adolescents present either by themselves or following referral by other health professionals. Adolescents and their parents/guardians are informed about the study upon arrival. If they are interested in participating in the study, they are screened for eligibility, after provision of written consent by the adolescents over 18 years of age or by their parents/guardians for the younger teens. The initial assessment includes blood sampling in the morning following 12-hours fast for assessment of glucose and HbA1c. If the adolescents meet the diagnostic criteria for preDM, they provide fecal samples, and afterwards, they undergo an additional screening for preDM with an OGTT. A blood sample of 5 ml is also stored for each participant. Adolescents are clinically evaluated, and counselled every month, for 4 consecutive months.
Randomization-blinding
An online randomization internet site (www.random.org) is used to assign the participants to intervention and control groups. The randomness comes from atmospheric noise. Random allocation sequence is implemented by a designated clinical assistant who is not otherwise associated with the trial. No blinding, or concealment is used within the groups.
Sample size
As this is a pilot trial of administration of probiotics in adolescents with preDM in Greece, the aim is to recruit between 12 and 25 participants per group, as medical literature demonstrates, for this number of participants the observed power for a pilot study is 80% [47] [48] [49] [50] . Plus, the main aim is to obtain preliminary data that can be used for planning definitive studies, and to is to identify important safety concerns [51] .
Statistical analyses
Statistical analysis will be performed with StatSoft Statistica v.10 and the level of statistical significance will be set to two-sided P < 0.05. Characteristics of the study sample will be presented by group, in terms of mean, standard deviation, for quantitative variables, and absolute numbers and percentages, for qualitative variables, in case of normal distribution. In case of abnormal distribution, the respective non-parametric descriptive and inferential statistical tests will be employed. For group comparisons, independent and paired Student's t-test, for quantitative variables, in order to evaluate statistically significant differences between the two groups and within the two groups, respectively, before and after the intervention, and x 2 tests, or Fisher's exact tests for qualitative variables will be employed. Pearson's correlation co-efficients will be performed to assess correlation between the variables. Data will be analyzed using the intention-to-treat analysis.
No stratification for age groups will be employed due to the small number of anticipated participants.
3.9. Gut microbiome measures 3.9.1. GI effects 2200 kit -GENOVA diagnostics Semi-quantitative determination of the levels of microorganisms in participants' stool samples is performed with the use of PCR and the incorporation of SYBR green for result determination. According to manufacturer's guidelines stool samples are transferred to the laboratory in C&S media. Stool concentration is determined and recorded as grams stool/ml of C&S media. Genomic DNA is then extracted from a 0.2 ml aliquot of the stool sample.
Twenty-four separate assays for the stated microorganisms are performed under conditions required for specific amplification of each microorganism. The conditions are determined and confirmed using genomic DNA specific for each of the microorganisms (genus and/or species level). The conditions yielding a dose dependent increase in the SYBR green incorporation that coordinate with increasing genomic DNA input are deemed appropriate for analysis. Additionally, appropriate dilutions of patient sample DNA are determined for each of the assays. Two separate dilutions for each patient sample are assayed for each of the 24 microorganism assays.
Once the required number of amplification cycles is complete an aliquot of the PCR product is evaluated spectrophotometrically for the incorporation of SYBR green. Incomplete intercalation is removed via incubation with urea. Results are compared to a genomic standard within each batch that has been amplified at the same time under the same conditions as the patient samples. Two controls are included with each batch to monitor amplification. The two controls have concentrations representative of the patients' results for each of the two dilutions within the assay. The two levels of controls along with the no target control are evaluated and if deemed acceptable reporting of the results will follow. Each of the controls must be within the acceptable range established for the assay and the no target control must not indicate the presence of a contaminant.
For result reporting and comparison to the reference interval, the pg/microliter result of the DNA concentration is converted into CFU/g feces. This is accomplished using the genome size equivalent for each of the microorganisms as well as the initial stool concentration and assay specific sample dilution.
Reference intervals have been determined by screening of 350 individuals that yielded 96 individuals identified as healthy. The assay was performed on the samples submitted by these individuals. The resulting data underwent statistical analysis for outlier removal, quintile distribution and 95% reference interval determination. The reference interval provided on the report and the quintile distribution scale utilized for patient result depiction are derived from this analysis [52] . Body composition is assessed in each study participant using the BIA-ACC device (BIOTEKNA Biomedical Technologies, Italy) [53, 54] .This device applies alternating currents using two different frequencies, 50 and 1.5 kHz (bi-frequency measurement method), to measure body composition, based on a multi-compartment model (2C, 3C, 4C, 5C) [55] . The subjects lay supine on an examination bed, while there is no skin contact with metallic elements. Two skin patches-with a horizontal distance of 10 cm between them-are applied on the dorsal surface of the right hand and an additional pair of skin patches on the dorsal surface of the right foot (Hand-to-Foot). The skin patches are connected to the electrodes of the BIA-ACC ® device. The formulas used for computations have been described in detail elsewhere [54] . Fat free mass (skeletal muscles, bones), fat mass, total body water, extracellular body water, intracellular body water, and phase angle are extracted from the raw data output file, for analysis.
Glycemic control measures
Glycemic control is determined by fasting, morning blood glucose every month and by evaluation of HbA1c at baseline and after the 4-month period of the study.
Additional hormonal parameters
Additional blood is collected from each study participant into tubes containing SST-Gel, and centrifuged for serum separation. Serum and blood samples are stored in multiple aliquots (serum samples at −80°C and whole blood at −20°C) until measurement of additional metabolic parameters. Before analysis, they will be thawed, while protected from light, and auto-oxidation. Additional metabolic parameters that will be assessed in this trial are:
Adiponectin
Adiponectin is mainly secreted by white fat tissue, but it can also be produced by brown adipose tissue to a small extent [56] . It is the most abundant product of adipocytes, and is strongly correlated with cardiometabolic risk. Several previous studies have shown that adiponectin levels are positively associated with insulin sensitivity, and inversely associated with the development of diabetes and progression from prediabetes to type 2 DM. The potential role of adiponectin in modulating early glucose abnormalities during transition from normoglycemia to prediabetes is a subject of significant interest [57, 58] . Adiponectin will be assessed in each adolescent at baseline, and after the 4-month period of the study.
Leptin
Leptin is a hormone that has received considerable attention in relation to the fat-bone connection, despite its better-known role in appetite regulation. In humans, production of the adipocyte-derived peptide leptin has been linked to adiposity, insulin, and insulin sensitivity. There are studies that support the notion of its active role in the cardiometabolic health of adolescents [59, 60] . Leptin will be assessed in each adolescent at baseline, and after the 4-month period of the study.
Glucagon-like peptide -1 (GLP-1)
Gut peptides including (glucagon-like peptidesGLPs) have been reported to control epithelial barrier proliferation and integrity. GLP-1 has also been implicated in obesity, and hyperglycemic states [61] . GLP-1 will be assessed in each adolescent at baseline, and after the 4-month period of the study.
MOTS -c
It is a mitochondrial-derived peptide that seems to have profound, and distinct biological activities, providing a paradigm-shifting concept of active mitochondrial-encoded signals that act at the cellular and organism level. MOTS -c has been shown to target the skeletal muscle, enhancing glucose metabolism. Consequently, MOTS-c has implications in the regulation of obesity, diabetes, exercise, and longevity, representing an entirely novel mitochondrial signaling mechanism to regulate metabolism within, and between cells [62] [63] [64] . MOTS -c will be assessed in each adolescent at baseline, and after the 4-month period of the study.
Discussion
An increasing body of literature reports associations between the gut microbiome, body composition, and chronic, non-communicable diseases, building the groundwork for a hypothesis that suggests modulation of the intestinal microbiota as the factor linking the environment with host genetics. Intestinal epithelial cells emerge as key mediators in the inflammation, and immunity of mucosal tissues [65] .
Control of intestinal epithelial stemness is crucial for tissue homeostasis. Disturbances in epithelial function are implicated in inflammatory diseases of the gastrointestinal tract [66] . Human mitochondria are heirs of microbes and altered mitochondrial function has been implicated in processes, ranging from ageing to diabetes [67, 68] . Products of bacterial metabolism in the gut are interconnected with the metabolism of mitochondria. The possibility of microbiome-induced changes in human nutrient metabolism that may further impact mitochondrial metabolism is not yet specifically investigated, but indirect evidence supports this argument. Dysfunctional mitochondria seem to be associated with obesity, and they are also observed in numerous metabolic disorders, such as PCOS [69] [70] [71] [72] [73] . Given the wide range of possibilities, a useful way forward could be to look at possible intersections between health, mitochondria and gut microbiota [74] . These reasons led to the measurement of MOTS-c concentrations, and body composition in our prediabetic adolescents.
Adiponectin and leptin are well known hormones, deriving mainly from adipocytes. Adiponectin has many actions in several tissues, among which it has been found to improve glucose utilization and fatty acid oxidation in myocytes, increasing energy expenditure in skeletal muscle [75] . Leptin acts primarily in the brain, especially the hypothalamus, where its action is integrated with that of other adipokines, gastrokines, and other signals to coordinate energy homeostasis. Serum leptin increases in proportion to body fat percentage [76] . The administration of probiotics may activate different metabolic pathways, which may affect the metabolism of the adipose tissue. In rat models, the administration of probiotics has demonstrated anti-inflammatory effects [77] , or in some cases, even loss of weight, and fat mass [78] .
Body composition analysis has been proven to be an accurate means of providing evidence for health status [9, 53] . Data from recent studies suggest significant relationships between bone, fat tissue and glucose metabolism in pediatric patients with type I diabetes. These results demonstrate that poor metabolic control is associated with reduced bone formation. On the other hand, fat, fat-free and bone tissues can influence glucose metabolism, potentially in an insulin-dependent manner [79, 80] . Similar results have been observed in adults [81] . There is virtually no data about prediabetes and body composition in adolescence. One study that examined a simple, standardized, fitness program in Southwest American Indian adolescents has demonstrated effectiveness in reducing fasting lipids and adiposity, as well as in improving glycemic indices over the course of six months [80] . Last, in another study, administration of metformin, an exercise program, and a structured, reduced energy diet, which was either high-carbohydrate or moderate-carbohydrate with increased-protein, demonstrated clinically significant improvements in obese adolescents at risk of type 2 diabetes [82] .
World Health Organization defines probiotics as live microorganisms, which when administered in adequate amounts confer a health benefit to the host. A substantial number of mechanisms seem to be associated with probiotic beneficial effects, such as production of inhibitory substances like H 2 O 2 , bacteriocins, organic acids, blocking of adhesion sites for pathogenic bacteria, competition with the pathogenic microorganisms for nutrients, degradation of toxins as well as blocking of toxin receptors, and, finally, modulation of immune responses [83] . Growing evidence suggests administration of probiotics as a useful prevention in pre-DM, T1DM and T2DM onset. Probiotic administration is minimally invasive, and it may prove to be successful in ameliorating glycemic control, or even reverse the pathogenic process in these patients, by ameliorating their body composition, or even their cellular structure. The disease burden is high. Its prevalence is estimated about 366 million of patients, globally, for the age group 20-79 years, alone. The 11% of health expenditures is attributed to diabetes and it is the cause of 465 million of USD loss, annually [84] .
In Saudi Arabia, the prevalence of prediabetes is 5.4%, based on oral glucose tolerance test (OGTT), and 21.9% based on HbA1c [85] . According to epidemiological data from the UK, the prevalence rate of prediabetes in the general population increased from 2003 to 2011 [86] . An increase in the prevalence of prediabetes has also been observed in China, where prediabetes has risen in the general population [87] . In a US national cohort study of a representative sample of adolescents, it was estimated that the national population-based prevalence rates of IFG, IGT, and prediabetes among adolescents, aged 12-19 years were 13.1%, 3.4%, and 16.1%, respectively [88] . Worldwide, epidemiological trends demonstrate increases in the prevalence of prediabetes in the general population; adolescents seem to follow these trends, irrespectively of race.
There is still no clear consensus on the definition of prediabetes, or metabolic syndrome in adolescents. In this study, we use the criteria of prediabetes in adults. However, there are only a few observational studies about prediabetes in adolescence [89] . Moreover, most adolescents are screened for preDM, using inadequate, or inaccurate means. But, given that the progression of the glucose homeostasis alterations in adolescents are usually rapid and insidious, BMI seems to be inadequate for prediabetes screening in adolescence. In overweight and obese subjects, measuring only fasting plasma glucose concentrations and HbA1c ratio are also inadequate means for prediabetes screening. OGTT remains the gold standard for the direct evaluation of insulin secretion, and the indirect evaluation of the degree of insulin resistance [1] .
A challenges of the present study is the recruitment procedure, since the discrimination between an evolving preDM condition and physiologic insulin resistance is arduous, rendering pre-DM as a rare condition in adolescence [1] . We are also using the Center for Adolescent Medicine and UNESCO Chair on Adolescent Health Care of the First Department of Pediatrics of the National and Kapodistrian University of Athens, as recruitment and delivery of treatment site, and despite experience, our methods will still need to be tested, and refined in that locality. Having broad inclusion criteria should help in recruitment, and these may be adjusted over time if recruitment rates are low. Another barrier of recruitment is the period of 4 month that might prove long, and may result in loss to follow-up.
To the best of our knowledge, this is the first study, to evaluate the impact of probiotics on the glycemic control of prediabetic adolescents, and possibly to halt the progression of obesity and diabetes that aspires to contribute new evidence for upgraded treatment of obesity and diabetes.
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